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Abstract
Background: Previous studies have provided some evidence of a possible association between
cancer and metallothioneins. Whether this relates to an exposure to carcinogenic metals remains
unclear.
Methods: In order to examine the association between the expression of metallothioneins and
bladder tumors, and to compare the levels of arsenic, cadmium, chromium, lead and nickel in
animals with bladder tumors and animals without bladder tumors, 37 cases of bovine bladder
tumors and 17 controls were collected. The detection and quantification of metallothioneins in
bladder tissue of both cases and controls was performed by immunohistochemistry. And the
quantification of metals in tissue and hair was assessed by inductively coupled plasma – mass
spectrometry.
Results: Increased expression of metallothioneins was associated with bladder tumors when
compared with non-tumoral bladder tissue (OR = 9.3, 95% CI: 1.0 – 480). The concentrations of
cadmium, chromium, lead and nickel in hair of cases were significantly higher than those of controls.
However, as for the concentration of metals in bladder tissue, the differences were not significant.
Conclusion: Though the sample size was small, the present study shows an association between
bladder tumors and metallothioneins. Moreover, it shows that concentrations of metals such as
cadmium, chromium, lead and nickel in hair may be used as a biomarker of exposure.
Background
In S. Miguel Island (Azores, Portugal), around 10% of the
adult cattle slaughtered do not enter the human food-
chain on the basis of suspected urinary bladder tumors
[1]. The occurrence of urinary bladder cancer in cattle has
been related to infection by bovine papilloma virus
(BPV), and grazing on pastures rich in bracken fern [2].
Though these have been mentioned as potential risk fac-
tors of urinary bladder cancer in cattle, other factors may
be of importance. In humans, and besides tobacco, other
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bladder cancer. These are aromatic amines, polycyclic aro-
matic hydrocarbons, chlorination by-products, and high
arsenic levels[3].
Other trace metals besides arsenic, such as lead and cad-
mium, are known carcinogens that have already been
associated to certain types of cancer [4]. They mainly act
by inducing oxidative stress, which activates several proto-
oncogenes, like FOS and MYC, and enhances the DNA
binding activity of several transcription factors, such as
NF-κB and AP-1 [5,6]. DNA damage in the form of strand
breaks and adducts can also arise as result of metal-
induced stress [7,8]. Arsenic per se has been shown to
induce tumors in mice without prior or later exposure to
other chemical or physical agents [9], it acts more in the
cytoplasm than in the nucleus, and it only causes DNA
damage when present at high concentrations. Cadmium is
involved in gene mutation, stimulation of cell prolifera-
tion, and progression of tumor cells. Chronic exposure to
these and other metals, resulting in continued bioaccu-
mulation, has been linked not only to mutagenic and car-
cinogenic effects but also to the induction of
metallothioneins, in several tissues and organs [10-12].
Chromium and nickel also can induce oxidative stress,
DNA damage and increased activity of transcription fac-
tors [13-15]. Lead may be more a promoter rather than an
initiator of cancer, since it reduces the ability of the cell to
protect or repair DNA damaged by other exposures [16].
The use of biomarkers such as metal levels in hair, nails,
blood or urine is one of the ways of detecting abnormal
levels of these elements in the organism. And while blood
and urine give an idea of recent exposure, hair and nails
are proxies of longer time-frame exposures [17-19].
Another way, in particular, for quantifying the levels of
metals in solid tissues that one may use is the immunohis-
tochemistry of metallothioneins. Metallothioneins (MTs)
are low-molecular weight (6–7 kDa) and cysteine-rich
proteins that normally bind group 1B and 2B metals.
These proteins are mainly involved in the homeostasis
and storage of copper and zinc, but also play a protective
role against the toxic effects of other metals and act as
stress-response proteins [20-22]. MTs have been previ-
ously suggested to be also associated to several types of
cancer, and MT-positive cells seem to have a higher activ-
ity of proliferation leading to more aggressiveness of the
tumor and decreased survival rates [23-25].
The aims of this pilot study were: (i) to examine the asso-
ciation between the expression of metallothioneins and
bladder tumors; and (ii) to compare the levels of arsenic,
cadmium, chromium, lead and nickel in animals with
bladder tumors and animals without bladder tumors.
Methods
Animals, Slaughterhouse Procedures and Samples
Systematic opening and mucosal macroscopic inspection
of urinary bladder of cattle killed in the main slaughter-
house in S. Miguel Island (Azores, Portugal) is carried out
since 1991. As part of a larger project aiming to establish
a genomic and histological bank of Bos taurus, comprising
healthy animals and animals with tumors, from February
2007 to October 2007, 54 urinary bladders of female
adult grazing Holstein Friesian cattle slaughtered there
were sampled. The animals were 8 ± 0.3 years-old, and
were coming from all over S. Miguel Island. After a prelim-
inary macroscopic analysis meant to establish the groups
of bladder lesions and controls, urinary bladders were
sent to the laboratory. From each urinary bladder two
adjacent tissue samples were taken, and while one was
fixed in 10% neutral buffered formalin and paraffin
embedded for histopathology and immunohistochemis-
try, the other was prepared for inductively coupled plasma
– mass spectrometry (ICP/MS) analysis, in order to quan-
tify the concentrations of arsenic, cadmium and lead.
From 36 animals, samples of hair were available and were
used for ICP/MS quantification of abovementioned met-
als.
Histopathology
Paraffin embedded tissues were sectioned (4 μm) and
stained with haematoxylin and eosin. Samples were histo-
logically classified by a pathologist, and tumoral cases
were discriminated from controls according to the World
Health Organization international histological classifica-
tion of urinary bladder tumors of domestic animals [26].
MT immunohistochemistry
Sections were dewaxed in xylene, hydrated in acetone,
brought to distilled water and washed in PBS. Endog-
enous peroxidase activity was quenched by shortly incu-
bating the sections in 3% hydrogen peroxide. Sections
were then washed in PBS and incubated at room temper-
ature, inside a moist chamber, for 30 min with a blocking
solution, which was made of 5% normal goat serum
diluted in PBS. After a brief rinse in PBS, sections were
incubated overnight, inside a moist chamber, at 4°C with
the antibody Mouse Anti-Metallothionein, clone E9,
(Zymed) diluted (1:100) in PBS. After several rinses in
PBS, sections were incubated during 1 h at 4°C, inside a
moist chamber, with the antibody Goat Anti-Mouse IgG
(Sigma) diluted (1:20) in PBS. Then rinsed in PBS, incu-
bated with ExtrAvidinTM (Sigma) (1:20) in PBS, for 30
min. Following several rinses in PBS, the visualization of
peroxidase activity was achieved using 3,3'-diaminobenzi-
dine tetrahydrochloride (DAB) (Sigma). Finally, after a
brief rinse in PBS, sections were counterstained with hae-
matoxylin (5–10 s), dehydrated in ethanol, cleared in
xylene and mounted in DPX. In control sections, PBS wasPage 2 of 6
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quantitative assessment of the MT immunohistochemical
levels found on tissue sections was performed on a con-
sensus basis by two observers (A.A. and A.R.) using a Sony
CCD-Iris camera coupled to a Laborlux S (Leitz) light
microscope. After establishing the criteria to state the con-
sensus basis, a previous trial was done with no significant
differences among the results obtained by the two observ-
ers. According to a method previously described [25,27],
the percentage of stained cells (staining score) was graded
as follows: 0 (no staining); 1 (>0 to 5%); 2 (>5 to 50%);
3 (>50%). Additionally, an intensity-distribution index
(MT.idi) was calculated by multiplying, for each case, the
staining score by the staining intensity (weak = 1; moder-
ate = 2; strong = 3).
Metal analysis
The bladder tissue samples were dried (130°C) for 48
hours, digested in aqua regia 86 at 95°C for 2 hours and
microwave digested inside closed vessels. Hair samples
had the same treatment as bladder tissue samples, but
were previously brushed and washed in a sequence of ace-
tone, bi-distilled water, and acetone [28] to remove exter-
nal deposition of feces and dust. Resultant sample
solutions were diluted and analyzed on a Finnegan Mat
Element 2 High Resolution ICP/MS (Actlabs, Canada) for
the quantification of arsenic, cadmium, chromium, lead,
and nickel. For quality control, internal standards and ref-
erence materials were run together with the samples, and
not less than six different reference materials covering all
the elements in study were used. Duplicate samples were
used as well in order to determine precision of the analy-
sis. For each element, a minimum of three standards were
used to cover the analytical working range of the instru-
ment. Ultrapure water was used to prepare blanks and cal-
ibration standards, and three replicate assessments were
performed for each sample.
Statistical analysis
Differences in metal concentrations in hair and bladder
samples between lesions and controls cases were exam-
ined using the Mann-Whitney U test and considered sig-
nificant when p ≤ 0.05. To examine the association
between over-expression of MTs and bladder tumors,
odds ratio (OR) and Fisher's exact test was used and con-
sidered significant also when p ≤ 0.05. Statistical analyses
were performed with R 2.7.0 [29].
Results
After histological confirmation, two groups of animals
were obtained, one of 37 cases, comprising only non-
muscle invasive tumors, and one of 17 controls, without
tumors. The former included 18 carcinomas, 8 papillo-
mas, 6 adenomas, and 5 hemangiomas.
MT over-expression
Over-expression of MT in the bladder tissue was defined
has a value of MT.idi above two. According to this, it was
observed that the probability of over-expression of MT in
bladder tumor tissue was 9.3 times significantly higher
than in normal bladder tissue, which indicates an associ-
ation between the levels of expression of MT and bladder
tumors, regardless of the type of tumor. In carcinomas, the
probability of increased expression of MT was 5.96 times
higher than in non-tumoral tissue (p = 0.25) (Figure 1;
Table 1).
Metal analysis
In general and when comparing hair samples, the concen-
trations of all five metals were higher in cases than in con-
trols. Moreover and apart from arsenic, the concentrations
of the cadmium, chromium, lead and nickel in case
lesions were significantly higher than in controls (Table
2). In fact, the concentrations of chromium, lead and
nickel in cases were approximately five-, two-, and three-
fold higher than those from controls. The concentrations
of chromium and nickel were also significantly higher in
those with carcinomas when compared to controls
(Table 2).
As measured in bladder tissue, concentrations of arsenic,
cadmium, chromium, lead and nickel in case lesions were
not significantly different than in controls (Table 2).
Discussion
The entire list of risk factors determining the development
of bladder cancer, either in humans or in cattle, remains
unclear and little is known about the role of carcinogenic
metals in this type of cancer. Also, the relation between
MT over-expression and tumors is not fully understood
yet.
In the present study, a high association between over-
expression of MT in the bladder tissue and tumors was
observed. Other studies, also with small sample size, have
already shown some association between these two varia-
bles, both in vitro and in vivo [30-32]. Although the expres-
sion of MT has been reported to occur under stress
imposed by organic compounds [31], MT are mostly
known for being related to the metabolism of toxic metals
[20].
Regarding case lesions, only arsenic, cadmium and nickel
were slightly higher in tumors than in non-tumors. The
higher concentrations of these carcinogenic metals in the
bladder tissue of cases could to some point explain the
over-expression of MT, especially in the case of cadmium
which is known to induce the expression of MT [33,34].
However, the concentrations of these metals were not sig-
nificantly different between cases and controls, what mayPage 3 of 6
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bladder tissue at the moment of diagnosis are probably
not representative of past exposure. But, this may even
though be the reason for the high expression levels of MT,
since the synthesis of this protein seems to be maintained
in the tissue for long periods after the initial exposure, act-
ing both as detoxifying and preventive mechanisms
[34,35].
As measured in hair, the concentrations of all the metals
considered, with the exception of arsenic, in cases were
significantly higher than in controls. Thus, with hair sam-
ples it was possible to distinguish between cases and con-
trols, as opposite to what was observed with bladder
tissue. Another striking aspect of the distribution of the
metals in cases is the fact that the concentrations of
arsenic, chromium, lead, and nickel in hair were approxi-
mately 3-, 3-, more than 70-, and 3-fold higher than in
bladder tissue, respectively. Internally, the liver and the
kidney are the main target organs for accumulation of
toxic metals, independently of their carcinogenic proper-
ties. Therefore, the bladder does not usually presents high
concentrations of metals. On the other hand, hair is one
of the matrixes through which the organism excretes
excess of metals, either essential or non-essential. Hair is
in fact considered a good matrix to be used as a biomarker
of exposure to metals, and a good proxy of long term
exposures [36,37]. The concentrations of cadmium and
lead in hair of cattle with bladder tumors from the present
study were below those of normal cattle reared around
different industrial/urban areas [38], and yet the concen-
trations of lead and chromium were above the levels of
those from unpolluted areas [39,40]. Overall, the concen-
trations of metals found in cases render more investiga-
tion on the mechanisms of carcinogenic metals and their
role in the development of bladder cancer.
Though the prevalence of BPV was not assessed in the
present study, there is previous evidence showing that its
prevalence in the bladder mucosa, from cattle of S. Miguel
MT expression in bladder tissue from controls and case lesionsFigure 1
MT expression in bladder tissue from controls and case lesions. Controls show higher percentage of bladder tissue 
sections negatively stained for metallothioneins than cases. MT.idi values range from zero (no staining) to 9 (>50% of cells, 
strongly stained).
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Table 1: MT over-expression in bladder tissue from controls and case lesions. 
MT.idi ≤ 2 MT.idi > 2 OR (95% CI) p-value
Controls (n = 10) 90% 10% Reference -
All cases (n = 19) 47.3% 52.7% 9.3 (1.0 – 480) 0.043
Carcinomas (n = 7) 57.1% 42.9% 5.96 (0.35–392) 0.25
Magnitude of association between MT over-expression and cases is expressed as odds ratio (OR), and its 95% confidence interval (95% CI).Page 4 of 6
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respectively, which suggests that this factor is probably
not acting as a confounder [41]. Also, the fact that these
animals are randomly coming from several herds from S.
Miguel Island should imply the lack of a differential expo-
sure to bracken fern.
Conclusion
Despite the small sample size of the present study, an
association between MT over-expression and bladder
tumors was shown. However, more studies with larger
and more homogeneous samples are needed to verify this
relation, and to examine potential associations between
arsenic, cadmium, chromium, lead, and nickel that were
seen to be in higher concentrations in tumors. Larger sam-
ples will also allow for stratification by sub-types of blad-
der cancer. Also, the present study highlights the potential
of hair as a matrix to assess exposure to carcinogenic met-
als, and concentrations of metals in biological samples as
useful biomarkers of exposure and disease development
in cattle.
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